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Introduction
Drying of food materials offers a significant increase in the shelf life of food materials, along with the modification of quality attributes due to
simultaneous heat and mass transfer. Shrinkage and variations in porosity are the common micro and microstructural changes that take place
during the drying of mostly the food materials. Although extensive research has been carried out on the prediction of shrinkage and porosity
over the time of drying, no single model exists which consider both material properties and process condition in the same model. In this study,
an attempt has been made to develop and validate shrinkage and porosity models of food materials during drying considering both process
parameters and sample properties. The stored energy within the sample, elastic potential energy, glass transition temperature and physical
properties of the sample such as initial porosity, particle density, bulk density and moisture content have been taken into consideration. Food is
one of the most complex materials in natural form and the fundamental understanding of food drying has not been fully established [2].The
quality of dried food is affected by a number of factors including quality of raw material, initial microstructure, and drying conditions. The
structure of the food materials goes through deformations due to the simultaneous effect of heat and mass transfer during the drying process.
Shrinkage, changes in porosity, microstructure and appearance are some of the most remarkable features that directly influence overall product
quality. Porosity and microstructure are the important material properties in relation to the quality attributes of dried foods
[3].Prelemenary study shows sample with higher bound water in cell wall causes low porosity whereas less water contained sample
demonstrated higher porosity. Therefore, this study would revealed better understanding of porosity and shrinkage of dried food in microscopic
(cell) level and would provide better insight to attain energy effective drying process and quality of dried food.
Figure.1:Hypothesised relationships among the drying parameters pore formation and evolution
As food materials possess complex structural nature, it is quite impossible to set a generic relationship regardless of types of food. However, an
approximate relationship between process parameters and product quality can be achieved through pore characteristics, as shown in figure 1.
This study investigated the product structure influences on food quality , although this current poster encompasses the outcome of the
preliminary attempt.
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Material and method
Two types of apple, were sliced in three different thickness 3.5 mm. All of the samples were dried in convective dryer at 700 C. After drying,
the samples were analyzed in terms of microstructure , porosity and shrinkage.An extensive experimental work has been conducted in this
research. To study the microstructure of selected foodstuff after drying , a scanning electron microscopy (SEM ) was performed in a Hitachi
Analytical Table Top Microscope TM3000 at 5 kV in high – vacuum mode. The images were then analysed using ImageJ 1.47. Meanwhile, a
pycnometer (Pentapyc 52000e) was used to get the porosity of fresh and dried samples Physical properties and validation have been made by
using a universal testing machine ( Instron 2kN), a profilometer (Nanovea) and a pycnometer. Apart from these, COMSOL Multiphysics 4.4 has
been used to solve heat and mass transfer physics. .
Result and discussion
Result shows that water content in cell wall influence both cell wall thickness and water
distribution within cell wall and tissue s. Cell wall thickness analysis, presented in Table 1,
shows that red delicious has thicker cell wall compared to granny smith (average cell wall
thickness for 9.312 µm and 11.405 µm for granny smith and red delicious respectively) in
fresh state. On the other hand, after drying the cell wall shrinks more (on average 78.68%
shrinkage) in red delicious compared to granny smith (50% shrinkage) as shown in Figure
2. This result indicates the presence of more bound water in red delicious within the cell
wall.
Figure 2: Shrinkage of apple slice with time (simulation shows for half thickness)
Figure 3: Variation of porosity at different moisture content
This property of cell wall also can explain why the cell wall collapses more in red delicious
apple than the granny smith apple.
Conclusion
The preliminary result of this research therefore provides enhanced understanding of
porosity and shrinkage in cell level. In this study, cell wall bound water been investigated
to order to establish a relationship with porosity and shrinkage. The findings of this study
would bring new understanding of relationship of mechanical properties of plant tissue
with drying kinetics and dried food quality. Results obtained from models of shrinkage
and porosity is quite consistent with the experimental data. Successful implementation of
these models would ensure the use of optimum energy in the course of drying and better
quality retention of dried foods.
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Figure 17.Hypothesised relationships among the drying parameters pore formation and evolution and dried food qualities
Industrial Interest and Implementation
This is potential to attain  the following advantages from the  industrial point of view:
1. Comprehensive model of porosity , considering cell wall bound water ,would provide more realistic and design  of drying technology.
2. Appropriate heat and mass transfer manner can lead to better retention of quality of the dried food.
3. Considering more theoretical approach of porosity  evolution essentially could allow us to predict more precise and accurate outcome 
quality.
4. Overall cost of drying is expected to lower than the traditional practice of drying as extra energy can be eliminated by understanding the 
amount of bound water concept in cell level. 
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